Prolonged immunosuppressive therapy is a risk factor for invasive pulmonary aspergillosis. We report a case of a 79-yearold man who underwent immunosuppressive therapy with methylprednisolone and cyclosporine for an acute exacerbation of interstitial lung disease. Ten days after initiation of immunosuppressive therapy, the patient reported night sweats and purulent sputum, and chest computed tomography scan revealed consolidation. He was diagnosed with invasive pulmonary aspergillosis, and required vasopressor support with oxygen therapy. After the administration of voriconazole and the modulation of immunosuppressive therapy, his condition improved. Short-term immunosuppressive therapy can also induce invasive pulmonary aspergillosis.
Introduction
Invasive pulmonary aspergillosis (IPA) is an opportunistic infection. The mortality rate of IPA is reported to exceed 50% due to the difficulty of its diagnosis and the rapid progression of its clinical course. 1 Prolonged immunosuppressive therapy is recognized as a significant risk factor of IPA. 2 However, the occurrence of IPA in patients after short-term immunosuppressive therapy for lung diseases is rare. Herein, we present a case of IPA that was diagnosed 10 days after the initiation of immunosuppressive therapy for an acute exacerbation of interstitial lung disease.
Case Report
A 79-year-old man arrived at our emergency room by ambulance complaining of dyspnea and non-productive cough. He was seen at our hospital every 2 months for interstitial lung disease and his lung function test performed 8 months previously showed that his forced vital capacity was 2.26 L (67.0% of the predicted value). His other medical history was angina pectoris treated with percutaneous coronary intervention 2 years previously. In the emergency room, his respiratory rate was 30 breaths/min and his oxygen saturation was 92% using a face mask with oxygen flow of 6 L/min. Fine crackles were heard in both lungs on chest auscultation and chest computed tomography (CT) revealed groundglass opacities and reticular infiltrates in both lung fields ( Figure 1A ). He was diagnosed with an acute exacerbation of interstitial lung disease and was administered intravenous methylprednisolone 500 mg once daily with levofloxacin. His general condition improved and his chest CT on day 4 of admission showed improvement of ground-glass opacities and reticular infiltrates in both lung fields ( Figure 1B) . The dose of intravenous methylprednisolone was reduced to 40 mg once daily and the patient was started on oral cyclosporine 50 mg twice daily. On day 11 of admission, he reported night sweats and purulent sputum. At that time, his serum C-reactive protein level was 13.17 mg/dL (normal value < 0.3 mg/dL) and chest CT showed a wedgeshaped consolidation in the right lower lobe ( Figure 1C ). The patient was initiated on intravenous micafungin 150 mg once daily with piperacillin/tazobactam. However, his condition deteriorated and he was transferred to the intensive care unit on day 18 of admission for vasopressor support with oxygen therapy. His chest CT on day 18 of admission showed an obvious enlargement of the consolidation in the right lower lobe ( Figure 1D ). His serum β-D glucan level was elevated (1,662 pg/mL, normal value < 20 pg/mL) and serum aspergillus galactomannan antigen was positive (3.9, cut-off value of 0.5). He was clinically diagnosed with IPA and treated with intravenous voriconazole 300 mg twice daily, followed by 200 mg twice daily starting the following day. His cyclosporine was stopped and the intravenous methylprednisolone was reduced to 20 mg once daily. After initiation of voriconazole, his condition gradually improved. His serum β-D glucan level and serum aspergillus galactomannan antigen index also decreased (Table 1) . A bronchoscopy was performed on day 37 of admission and bronchial lavage was obtained from the right lower bronchus. The bronchial lavage revealed filamentous fungi ( Figure 2 ) and Aspergillus fumigatus was cultivated. On day 40 of admission, the intravenous voriconazole was switched to oral administration 200 mg twice daily. On day 51 of admission, he was discharged with marked shrinkage of the consolidation in his right lower lobe.
Discussion
The present case showed that even short-term immunosuppressive therapy can cause IPA. This life-threatening form of aspergillus infection has occasionally been seen in immunocompromised patients with a hematologic disorder or post-organ transplantation. 2 Similarly, immunosuppressive therapy for lung disease is a known risk factor of IPA. However, most previous reports indicate that IPA occurred in patients after a prolonged term of immunosuppressive therapy at least 3 weeks. 3, 4 In the present case, IPA occurred only 10 days after initiation of immunosuppressive therapy. Hence, we propose that a short term of immunosuppressive therapy can induce IPA.
Voriconazole has been established as the primary antifungal agent for treatment of IPA. 5 In fact, the present case showed remarkable clinical improvement after administration of voriconazole. However, voriconazole interacts with a considerable number of drugs. 6 Serum cyclosporine concentration has been reported to be elevated after initiation of voriconazole and a high trough concentration of cyclosporine is associated with nephrotoxicity. 7 was a concern, we decided to stop cyclosporine treatment and reduce the dose of methylprednisolone at initiation of voriconazole in order to avoid cyclosporine-induced nephrotoxicity and to restore host immune status. Kousha et al. assert the importance of decreasing the dosage of systemic corticosteroids and immunosuppressive agents in the treatment of patients with IPA. 6 Owing to both the appropriate choice of antifungal agent and the modulation of immunosuppressive therapy, the present case had successful resolution of IPA.
It remains unclear why only some immunocompromised patients develop IPA while others do not. Host recognition of invading pathogen is an important first process against invasive infection. Recently, some genetic defects of the recognition process have been revealed and considered to be a factor of susceptibility to aspergillus infection. 9 As an example, genetic Pentraxin 3 (PTX3) deficiency is known to be a risk factor of invasive aspergillosis. 10 PTX3 is an inflammatory protein activating the toll-like receptor pathway by binding aspergillus conidia. 11 Among recipients of hematopoietic stemcell transplantation, the incidence of invasive aspergillosis was significantly higher in case of genetic PTX3 deficient donors. 12 A study in patients with chronic obstructive pulmonary disease showed that PTX3 rs1840680 single nucleotide polymorphism was associated with susceptibility to aspergillus infection and the polymorphism was detected in 31 out of 173 patients. 13 Although we could not investigate genetic defects relating susceptibility to aspergillus infection in the present case, screening of genetic defects may be a potential useful tool to stratify the risk of IPA occurrence in initiating immunosuppressive therapy.
Neutrophils play a key role of the first line defense against aspergillus infection. 14 To eliminate aspergillus germinating spores, neutrophils produce extracellular traps, release antimicrobial proteases by degranulation, and activate the toll-like receptor pathway using preliminarily stored PTX3. [15] [16] [17] In the present case, patient neutrophil function was considered to be quite attenuated because of his high serum galactomannan index. Galactomannan, a component of the cell wall of Aspergillus spp., is released into blood stream during hyphal growth and is captured by neutrophils. It has been known that non-neutropenic patients with invasive aspergillosis have significant lower serum galactomannan indexes as compared to neutropenic patients. 18 Zhou et al. reported that only 14 out of 37 IPA patients without neutropenia had positive serum galactomannan indexes at a cut-off value of 0.5 and the mean value of galactomannan index in the 37 IPA patients was 0.74. 19 Despite a sufficient neutrophil count (16,376 /uL), the present case had a high serum galactomannan index of 3.9 on day 11 of admission. The attenuation of neutrophil function was suggested in the present case and may be an important factor of IPA occurrence.
Conclusions
In conclusion, we presented a case of IPA associated with short-term immunosuppressive therapy for an acute exacerbation of interstitial lung disease. Adequate diagnosis, appropriate choice of antifungal agent, and careful assessment of host immune status are essential for the management of IPA. 
